Reciprocal backcrosses between two spring wheat ( Triticum aestivum L. em. Thell) cul tivars, awned Lee and awnletted Thatcher, provided "awnletted" Lee lines and "awned" Thatcher lines. Comparisons between yields of the awned and awnletted forms of the two cultivars at several locations in southern Al berta over a 4-year period showed a relation between awnedness and yield. The awnletted form generally was superior to the awned in yield. This finding contrasts with findings in most previous studies where the awned forms outyielded the awnless and awnletted ones. Moisture supply during the growing season did not influence the effect of awnedness on yield. Plumpness of kernels, contrary to the findings of some previous investigators, was not associated with awnedness. Differences in kernel count per spike were slight between the awned and awnletted pairs. Spike count per unit area was greater for the "awnletted'" than for the awned Lee lines but was not different between the awnletted and "awned'" Thatcher pairs.
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RESUME

INTRODUCTION
The relation between awnedness and yield in wheat (Triticum aestivum L. em. Thell) has been investigated for over 80 years. The studies have been prompted by observations that awned wheat often yielded more grain and produced plumper kernels than awnless wheats. Grundbacher ( 1963) has given possible reasons for the advantage of awned over the awnless varieties. The awn is an important site of photosynthesis; there fore, an awned variety should be capable of producing more starch for the kernels than its awnless counterpart. Also, the close proximity of the awn and seed should be an advantage in translocation of photosynthates. These factors would be more important in semiarid regions where the life of the wheat plant is shorter than in humid areas, because photosynthesis in the awn and translocation of the photosynthates to the kernel could continue for several days after desiccation of the leaves.
Numerous studies of yield in relation to awnedness have been reviewed by Miller et al. (1944) and Vervelde (1953) . Most of the investigators mentioned in these reviews believed that awns favored higher yields and plumper kernels, but some found no beneficial effects. Goulden and Neatby (1929) , in Canada, stated that the awned strains of H-44-24 x Marquis gave significantly higher yields than the awnless ones. In the USA, Grantham ( 1919) stated that awned varieties yielded more than awnless types. Atkins and Norris (1955) , Patterson et al. ( 1962) , and Sunesan et al. ( 1948) , also in the USA, using near isogenic lines ex cept for awns versus absence of awns, concluded that the awned ones generally were superior in yield, kernel weight, and test weight. On the other hand, three studies showed no advantage from awns. In Canada, Aamodt and Torrie ( 1934) did not find a significant association between awns and yield in awned and awn letted strains of F2 hybrids. Clark and Quisenberry (1929) , in Montana, USA, reported that the awnletted plants and strains from a Marquis x Kata cross out yielded their awned counterparts. In the Ukraine, Moskalenko ( 1930) reported no relation between awnedness and the "elements of productivity."
The general consensus is that the advantage of awns is greatest in warm and semiarid climates (Grundbacher 1963; Miller et al. 1944; Vervelde 1953) . Sune san et al. ( 1948) conducted field trials at 16 locations in North America and con cluded that the effects of awns apparently were independent of soil moisture supply. Patterson et al. (1962) stated, in contrast to general opinion, that awned wheats perform best under conditions most favorable for wheat growing.
The purpose of the present study was to determine the influence of awns on yield and hectoliter weight of wheats under the semiarid conditions of southern Alberta. Suitable material for the study appeared to be awnletted Thatcher and awned Lee, which could be reciprocally backcrossed to produce an "awned" Thatcher and an "awnletted" Lee. Adding awns to Thatcher should increase its yield and removing awns from Lee should decrease its yield.
Another aim was to determine through which of the three components of yield -kernel weight, number of kernels per spike, or number of spikes per unit areayield increases are expressed.
MATERIALS AND METHODS
Two hard red spring wheat cultivars, awnletted Thatcher, C.I. 10003, and awned Lee, C.I. 12488, were used in reciprocal exchange of the awned with the awnletted conditions by backcrossing. After the two cultivars were crossed, two backcross ing programs were established.
In one, awned segregates were backcrossed to Thatcher, in the other, awnletted segregates were backcrossed to Lee. Selection for the awned or awnletted condition in the segregating populations was made after one, two, or three successive backcrosses. Strains of both "awned" Thatcher and "awnletted" Lee were established after six to nine backcrosses. Each strain consisted of bulked seed from a number of plants.
In the yield trials, the four backcross strains of "awned" Thatcher were each paired with the normal awnletted Thatcher; similarly, the four "awnletted" Lee strains were each paired with the normal awned Lees. A split-plot design was used, with each pair allocated to a whole plot and the awned and awnletted strains of a pair allocated to subplots. Yield data for each pair were subjected to a paired t-test to determine significance. All tests consisted of six replications. Each sub plot contained four rows 5 m long and 23 cm apart; only the two center rows were harvested. Seeding rates were 55 and 75 seeds per meter of row on nonirrigated and irrigated land.
In 1964 and 1965, spike counts were made on eight 30. 5-cm sections of the two outside rows of each four-row plot. In 1966 and 1967, counts were made on six instead of eight sections and the data were adjusted to the 1964 and 1965 base.
Kernel counts were based on a sample of 60 spikes per plot in 1964 and 1965 and on samples ranging from 180 to 374 spikes per plot in 1966 and 1967.
The 10 tests were grown in 4 successive years, 1964 to 1967, and were located on both irrigated and nonirrigated land at Lethbridge as well as at three other non irrigated locations. Semiarid conditions normally prevail in nonirrigated areas of southern Alberta.
RESULTS
The awnletted wheats outyielded the awned ones on the average by 133 kg/ha (about 2 bu/ acre) over all comparisons (Table 1) . On the average, the awnletted Thatchers outyielded the derived "awned" Thatchers by 123 kg/ha, and the de rived "awnletted" Lees exceeded the awned Lees by 143 kg/ha. Over all stations and years, the awnletted partner of each of the eight pairs outyielded its awned counterpart. Similarly in each station test, the average yield of the awnletted wheats was higher than that of the awned ones.
Because both varieties closely resembled their derived backcross lines in hec toliter and kernel weights, these detailed data were not included. The hectoliter weights of the awnletted and "awned" Thatcher lines averaged 78.4 and 78. 6 kg and those of the awned and "awnletted" Lee lines averaged 79.2 and 79.1 kg. The 1000-kernel weights of the awnletted and "awned" Thatcher lines averaged 25.8 and 26.1 and those of the awned and "awnletted" Lee lines averaged 30.7 and 30.5 g.
Since the kernel weights of each awned-awnletted pair were essentially the same, the component of yield responsible for the yield increase should be either more spikes per unit area or more kernels per spike. The "awnletted" Lee lines averaged 17 more spikes per unit area than did the awned Lee ones (Table 2) . On the other hand, the spike counts of the awnletted and "awned" Thatcher lines did not differ.
Because differences in kernel count per spike were small and somewhat incon sistent, these data were not included. The awnletted Thatchers averaged 0.5 kernels more per spike than the "awned" Thatchers. The "awnletted" Lees aver aged 0. 7 kernels less than the awned Lees.
Classification of a large number of F2 plants showed a 3: 1 ratio of awnletted to awned.
DISCUSSION
Ample evidence of a relation between awnedness and yield was demonstrated in tests conducted at several locations over a period of 4 years. Contrary to expec tations, adding awns to Thatcher decreased rather than increased yield potential. Also, the removal of awns from Lee increased rather than decreased its yielding ability. In contrast to most published reports, which state that awns increased yield, this study showed that the presence of awns reduced yield. Linkage between genes for awnedncss and plant vigor is an obvious interpretation; in previous studies, the favorable combination was with awns, whereas in the present study it was with the awnletted condition. Another explanation is that the gene for awns in Lee is linked with a deleterious gene, since yields were depressed in both Lee and Thatcher when they possessed Lee awns. The data do not show a relation between soil moisture and the effect of awns on yield, even though yields varied from less than 1500 to over 4000 kg/ha ( Table  1) . This conclusion agrees with that from one study (Sunesan et al. 1948) in which test locations ranged from California to Canada, but disagrees with the con clusion from another in which awned varieties yielded better than the awnless ones under the best growing conditions (Patterson et al. 1962 ). Grundbacher's ( 1963) theory is that the awn, being an important site of photosynthesis and being in close proximity to the kernel, should be able to con tinue photosynthesis and translocation for several days after desiccation of the leaves. The superiority in yield of the awnletted wheats to the awned ones in this study may cast some doubt on the degree of importance attached to the awn as a site of photosynthesis, at least, in the temperate climates.
Plumpness of kernels was not associated with awnedness. The backcross lines were almost identical with the recurrent parent for hectoliter and kernel weights.
This lack of association might be attributed to absence of severe drought in the test years. Also, the tests were not subjected to high temperatures such as would be experienced in the central and southern states of the USA where test and kernel weight differences were observed.
Number of kernels per spike was not an important component of yield in this study. The awnletted Thatchers averaged 2 % more kernels per spike than the "awned" Thatchers and the awned Lees averaged 3 % more kernels than the "awnletted" Lees.
The only component of yield associated with awnedness in this study was number of spikes per unit area. "Awnletted" Lee lines had 6.4% more spikes than their awned counterparts. Spike counts of awnletted and "awned" Thatcher pairs, however, did not differ.
The results of the present study confirm those of other studies that awnedness is associated with yield. The yield increase of 5.6% obtained in the present study is important enough to warrant consideration of awnedness in a breeding program.
